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(57)  The present disclosure relates to an electroni-
cally controlled steering method and a steering system
for a vehicle. The method includes: receiving (S210)
steering parameters, including steering input torque, a
steering input angle, vehicle speed, lateral acceleration
of the vehicle and actual piston positions of pistons of
respective hydraulic wheel cylinders; determining (S220)
a target steering radius for the vehicle and target piston
positions of the pistons of the respective hydraulic wheel

cylinders based on the steering parameters; and control-
ling (S230), based on the determined target piston posi-
tions, the hydraulic control system to change hydraulic
pressures in the respective hydraulic wheel cylinders to
change positions of the pistons thereof, so as to drive,
through the piston rods, the steering knuckles connected
therewith to deflect the corresponding steering vehicle
wheels for steering.
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present disclosure claims priority to Chi-
nese Patent Application No. 202310963304.7, filed Au-
gust 2, 2023.

TECHNICAL FIELD

[0002] The present disclosure relates to an electroni-
cally controlled steering method and a steering system
for a vehicle.

BACKGROUND

[0003] A steering system, which is an important con-
stituent part of a vehicle, functions to manipulate the
steering wheel through the driver and deflect the steering
vehicle wheels on the road surface via a transmission
mechanism, so as to control the driving direction of the
vehicle according to the driver’s intention, which ensures
stable and safe normal driving of the vehicle. In the whole
developing process of steering system, it has experi-
enced an evolution from pure mechanical manual control
relying on the driver’s turning the steering wheel with
hands to powered steering.

[0004] In recent years, with the continuous develop-
ment of automatic driving technology, electronically con-
trolled steering, such as steering-by-wire (SBW) system,
has become more and more prevalent in vehicles, and is
also an emerging and hot developing direction of steering
technology. The electronically controlled steering system
can cancel the conventional mechanical linkage thatlinks
the steering wheel of the vehicle to its steering vehicle
wheels, and instead, convert for example a mechanical
steering wheel input into an electrical signal and transfer
it to the steering gear of the vehicle chassis for steering
control, thus getting rid of various restrictions for the
traditional steering system.

[0005] However, with the increasing demand for elec-
tronically controlled steering, there is still a need for
further improvement and optimization of the electroni-
cally controlled steering method for the vehicle.

SUMMARY

[0006] In one aspect, the present disclosure provides
an electronically controlled steering method for a vehicle
including an electronically controlled steering system, the
electronically controlled steering system including a hy-
draulic control system, steering knuckles disposed at
respective steering vehicle wheels, and hydraulic wheel
cylinders connected with respective steering knuckles
through piston rods, the method comprising: receiving
steering parameters, including steering input torque, a
steering input angle, vehicle speed, lateral acceleration
of the vehicle and actual piston positions of pistons of the
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respective hydraulic wheel cylinders; determining a tar-
get steering radius for the vehicle and target piston
positions of the pistons of the respective hydraulic wheel
cylinders based on the steering parameters; and control-
ling, based on the determined target piston positions, the
hydraulic control system to change hydraulic pressures
in the respective hydraulic wheel cylinders to change
positions of the pistons thereof, so as to drive, through
the piston rods, the steering knuckles connected there-
with to deflect the corresponding steering vehicle wheels
for steering.

[0007] Inanotheraspect,the presentdisclosure further
provides a steering system of a vehicle, the steering
system comprising: an electronically controlled steering
system including a hydraulic control system, steering
knuckles disposed at respective steering vehicle wheels,
and hydraulic wheel cylinders connected with the respec-
tive steering knuckles through piston rods; and a first
control circuit, configured to perform the electronically
controlled steering method according to the embodi-
ments of the present disclosure.

[0008] In yet another aspect, the present disclosure
further provides a vehicle including a steering system
according to the embodiments of the present disclosure.
[0009] The present disclosure provides an electroni-
cally controlled steering method applicable to a hydraulic
steering system, a steering system of a vehicle, and a
vehicle including the steering system. The electronically
controlled steering method according to the embodi-
ments of the present disclosure can support various
steering postures of the vehicle, which contributes to
the smooth and rapid steering for vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Inorder toillustrate the technical scheme of the
embodiments of the present disclosure more clearly, the
accompanying drawings of the embodiments will be
briefly introduced below. Obviously, the accompanying
drawings in the following description merely relate to
some of the embodiments of the present disclosure,
and are not limitative to the present disclosure.

Fig. 1 illustrates a schematic diagram of a steering
device suitable for an electronically controlled steer-
ing method according to at least one embodiment of
the present disclosure.

Fig. 2illustrates an example electronically controlled
steering method according to at least one embodi-
ment of the present disclosure.

Fig. 3 is a flowchart further illustrating an example
method for determining a target steering radius and
target piston positions of a vehicle based on steering
parameters at step S220 in Fig. 2.

Fig. 4 illustrates steering postures supported by an
electronically controlled steering method according
to atleastone embodiment of the present disclosure.
Fig. 5 illustrates a graph in which a piston of a
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hydraulic wheel cylinder of a steering vehicle wheel
moves with a target piston position under an electro-
nically controlled steering method according to at
least one embodiment of the present disclosure.
Fig. 6 illustrates an example scenario in which a
failure occurs in a steering vehicle wheel of a vehicle.
Fig. 7 illustrates an example architecture of a control
circuit for controlling a hydraulic steering system
according to at least one embodiment of the present
disclosure.

Fig. 8 illustrates an example steering system of a
vehicle according to at least one embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0011] Inorderto make the purpose, technical scheme
and advantages of the technical scheme of the present
disclosure more clear, a clear and complete description
of the technical scheme of the embodiments of the pre-
sentdisclosure will be made below in conjunction with the
accompanying drawings of specific embodiments of the
present disclosure. Like reference numerals in the ac-
companying drawings represent like parts. It should be
noted that the described embodiments are a part of the
embodiments of the present disclosure, not all of the
embodiments. Based on the described embodiments
of the present disclosure, all the other embodiments
derived by the ordinary skilled in the art without creative
labor belong to the protection scope of the present dis-
closure.

[0012] Unless otherwise defined, technical terms or
scientific terms used herein shall have their common
meanings as understood by those ordinary skilled in
the art to which the present disclosure belongs. Words
such as "first", "second" and the like used in the speci-
fication and claims of the present disclosed patent ap-
plication do not represent any order, quantity or impor-
tance, but are only used to distinguish between different
constituent parts. Likewise, word such as "a", "an" or the
like does not necessarily represent quantitative restric-
tions. Word such as "include", "contain” or the like means
that the elements or items preceding to the word encom-
pass the elements or items listed after the word and the
equivalents thereof, without excluding other elements or
items. Word such as "connect", "interconnect” or the like
is not limited to physical or mechanical connection, but
can include electrical connection, whether direct or in-
direct. Words such as "up", "down", "left", "right" and the
like are only used to represent a relative positional re-
lationship, in which after the absolute position of the
described object changes, the relative positional relation-
ship might accordingly change as well.

[0013] Fig. 1illustrates a schematic diagram of a steer-
ing device 100 suitable for an electronically controlled
steering method according to at least one embodiment of
the present disclosure. As shown in Fig. 1, for example,
taking the right front wheel as the steering vehicle wheel,
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the steering device 100 may include a hydraulic wheel
cylinder (whichincludes a cylinder body 101, a piston 102
and a piston rod 103), a steering tie rod 104, a steering
knuckle 105 and a steering vehicle wheel 106. The
steering knuckle 105 is disposed at each of the steering
vehicle wheels (e.g., the steering vehicle wheel 106) of
the vehicle to drive the steering vehicle wheel 106 to
deflect. Exemplarily, each hydraulic wheel cylinder in-
cludes a cylinder body 101 fixedly mounted on a vehicle
frame, and a piston rod 103 and a piston 102 extending
and contracting within the cylinder body 101. The rod
chamber 101-a and a rodless chamber 101-b are formed
within the cylinder body 101, and a piston rod 103 is
connected with a steering knuckle 105. A control circuit
(e.g., electronic control unit (ECU)) controls the hydraulic
control system to change the hydraulic pressure of the
hydraulic wheel cylinder (i.e., the hydraulic pressure
between the rod cavity 101-a and the rodless cavity
101-b) so that the piston rod 103 extends and contracts
within the cylinder body 101, thereby driving the steering
knuckle 105 to move, and finally driving the steering
vehicle wheel 106 to deflect by a specific angle corre-
sponding to a steering control signal. In the present
disclosure, a steering vehicle wheel is a wheel that can
be deflected under the control of the steering system of
the vehicle among the wheels of the vehicle. In an em-
bodiment, the left front wheel and the right front wheel of
the vehicle may be the steering vehicle wheels. In an-
other embodiment, all of the wheels of the vehicle may be
the steering vehicle wheels. For example, in an embodi-
ment where the vehicle has four wheels, the left front
wheel, the right front wheel, the left rear wheel and the
right rear wheel of the vehicle may all be the steering
vehicle wheels. In a case that all of the wheels of the
vehicle are the steering vehicle wheels, more postures of
the steering of the vehicle can be achieved (as described
later with reference to Fig. 4), which contributes to the
smooth and rapid steering for vehicle. In various embodi-
ments, as shown in Fig. 1, a steering knuckle may be
disposed ateach ofthe steering vehicle wheels, and each
of the steering knuckles is connected with a hydraulic
wheel cylinder through a piston rod.

[0014] In the present disclosure, the hydraulic control
system and the control circuit may be the hydraulic con-
trol system and the control circuit that are well known in
the art. For example, the hydraulic control system may
include a pressure oil way, a return oil way and at least
one hydraulic element corresponding to at least one
hydraulic wheel cylinder. Each hydraulic element con-
trols a connected state of the rod cavity and the rodless
cavity of a corresponding hydraulic wheel cylinder with
the pressure oil way and the return oil way. The control
circuit can be implemented by a processor or a field
programmable gate array (FPGA), etc.

[0015] It canbe understood that although Fig. 1 shows
that the piston rod 103 is connected with the steering
knuckle 105 through the steering tie rod 104, the piston
rod 103 may also be connected with the steering knuckle



5 EP 4 506 232 A1 6

105 in various ways, such as soldering, screw joint, etc.,
so as to drive the steering knuckle 105 to deflect the
steering vehicle wheel 106 by means of the expansion
and contraction of the piston rod 103. The present dis-
closure does not impose any restrictions on the above
specific implementations of connections.

[0016] Fig. 2illustrates an example electronically con-
trolled steering method 200 suitable for the steering
device 100 shown in Fig. 1 according to at least one
embodiment of the present disclosure. As shown in Fig.
2, the example electronically controlled steering method
200 according to an embodiment of the present disclo-
sure may begin at S210. At S210, the control circuit of the
steering system of the vehicle may receive steering
parameters. The steering parameters may include, for
example, steering input torque, a steering input angle,
vehicle speed, lateral acceleration of the vehicle, and
actual piston positions of pistons of respective hydraulic
wheel cylinders corresponding to respective steering
vehicle wheels. It should be understood that the steering
input torque, the steering input angle, the vehicle speed,
the lateral acceleration of the vehicle and the actual
piston positions of pistons of respective hydraulic wheel
cylinders are merely examples of steering parameters
and are not limited, and the steering parameters may
include more or fewer parameters. For example, the
steering parameters may further include longitudinal ac-
celeration, etc.

[0017] In the present disclosure, the steering input
torque is a steering-related torque that is input to the
steering system of the vehicle. The steering input angle is
a steering-related angle that is input to the steering
system of the vehicle. In an embodiment, the steering
input torque and steering input angle may be input manu-
ally. For example, in an embodiment of steering by turn-
ing the steering wheel, the driver of the vehicle is able to
input the steering input torque and the steering input
angle by turning the steering wheel. In this case, the
steering input torque and the steering input angle may
be steering wheel torque and steering wheel angle. In
other embodiments, for example, in an embodiment of
controlling the steering through buttons, the steering
input torque and the steering input angle may be input
through buttons. In another embodiment, the steering
input torque and the steering input angle may be deter-
mined based on a steering request from an automatic
driving system or a driving assistance system of the
vehicle. In this case, the automatic driving system or
the driving assistance system may automatically achieve
the steering without the driver’s operation.

[0018] At S220, the control circuit of the steering sys-
tem of the vehicle may determine a target steering radius
for the vehicle and target piston positions of the pistons of
the respective hydraulic wheel cylinders based on the
steering parameters received at S210. In an embodi-
ment, the target steering radius and the target piston
positions may be determined based on the steering
parameters by the following steps: determining an actual
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steering radius of the vehicle based on the vehicle speed
and the lateral acceleration of the vehicle; and determin-
ing the target steering radius and the target piston posi-
tions of the pistons of the respective hydraulic wheel
cylinders based on the actual steering radius, the steer-
ing input torque, the steering input angle, the vehicle
speed, and the actual piston positions of the pistons of
the respective hydraulic wheel cylinders. In other embo-
diments, the target steering radius and the target piston
positions of the pistons of the respective hydraulic wheel
cylinders may be determined based on the steering
parameters without determining the actual steering ra-
dius. Compared with the method for determining the
target steering radius and the target piston positions
directly based on the steering parameters (e.g., through
a look-up table) without determining the actual steering
radius, the overall computational complexity of determin-
ing the target steering radius and the target piston posi-
tions can be reduced by determining the actual steering
radius and determining the target steering radius and the
target piston positions based on the determined actual
steering radius and other steering parameters.

[0019] Inthe presentdisclosure,inanembodiment, the
lateral acceleration of the vehicle may be the lateral
acceleration of one of the steering vehicle wheels of
the vehicle. For example, in an embodiment where the
steering vehicle wheels of the vehicle includes the left
front wheel and the right front wheel, the lateral accel-
eration of the vehicle may be the lateral acceleration of
the right front wheel of the vehicle. In this case, the actual
steering radius may be the actual steering radius of the
right front wheel of the vehicle, and the target steering
radius may be the target steering radius of the right front
wheel of the vehicle. In another embodiment, the lateral
acceleration of the vehicle may be the lateral accelera-
tions of the respective steering vehicle wheels of the
vehicle. Accordingly, the actual steering radius may be
the actual steering radiuses of the respective steering
vehicle wheels of the vehicle, and the target steering
radius may be the target steering radiuses of the respec-
tive steering vehicle wheels of the vehicle. In this case,
since the target steering radiuses of the respective steer-
ing vehicle wheels and the target piston positions of the
respective hydraulic wheel cylinders are determined
based on the lateral accelerations of the respective
steering vehicle wheels of the vehicle, the determined
target steering radius and the target piston positions can
be made more accurate. In yet another embodiment, the
lateral acceleration of the vehicle may be the lateral
acceleration at an equivalent center of mass of the ve-
hicle, which may be determined based on the lateral
accelerations of the respective steering vehicle wheels
of the vehicle. Exemplarily, the lateral acceleration at the
equivalent center of mass of the vehicle may be a
weighted sum of the lateral accelerations of the respec-
tive steering vehicle wheels of the vehicle. In this case,
the actual steering radius may be the actual steering
radius at the equivalent center of mass of the vehicle,



7 EP 4 506 232 A1 8

and the target steering radius may be the target steering
radius at the equivalent center of mass of the vehicle. In
this way, a good tradeoff between the accuracy and the
computational complexity of the determined target steer-
ing radius and target piston positions can be achieved.
[0020] In a further embodiment, the target steering
radius and the target piston position may be used as
feedback to determine the target steering radius and the
target piston positions at next timing through closed-loop
control. In this way, the target steering radius and the
target piston positions determined based on the received
steering parameters can be adjusted based on the feed-
back of both the target steering radius and the target
piston positions, so that the determined target steering
radius and target piston positions are more accurate.
[0021] When determining the target steering radius
and the target piston positions based on the steering
parameters, in an embodiment, the target steering radius
and the target piston positions may be determined based
on the received steering parameters through a look-up
table. The look-up table may be predetermined based on
test. Inan embodiment, the target steering radius and the
target piston positions of the vehicle may be determined
based on the steering parameters through the look-up
table, based on a flowchart shown in Fig. 3. It should be
understood that the target piston positions of the respec-
tive pistons can be determined based on the steering
parameters by means of other methods (e.g., a neural
network, etc.) in addition to the look-up table.

[0022] AsshowninFig.3,anactual steeringradius 306
may be determined based on the received lateral accel-
eration of vehicle 301 and vehicle speed 302; a steering
radius difference 307 between the actual steering radius
306 and a target steering radius 309 for the previous
timing may be determined; a piston position difference
308 between an actual piston position 305 and a target
piston position 310 for the previous timing may be de-
termined; then, the target steering radius and the target
piston position may be determined by using the vehicle
speed 302, the steering input torque 303, the steering
input angle 304, the determined steering radius differ-
ence 307 and piston position difference 308 in the re-
ceived steering parameters as inputs a look-up table 311
for determining the target steering radius and the target
piston position.

[0023] ReturningtoFig.2, atS230, the control circuit of
the steering system of the vehicle controls, based on the
target piston positions of the pistons of the respective
hydraulic wheel cylinders determined at S220, the hy-
draulic control system of the steering system of the
vehicle to change hydraulic pressures in the respective
hydraulic wheel cylinders to change positions of the
pistons thereof, so as to drive, through piston rods, the
steering knuckles connected therewith to deflect the
corresponding steering vehicle wheels for steering. Ex-
emplarily, the control circuit may control, based on the
determined target piston positions of the respective hy-
draulic wheel cylinders, each hydraulic element of the
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hydraulic control system, so as to control parameters
such as a flow direction, a flow volume, a speed of
hydraulic oil within each hydraulic wheel cylinder, so as
to cause a piston within a corresponding hydraulic wheel
cylinder to move towards the target piston position, and in
turn, to drive, through a piston rod, the steering knuckle
connected therewith to deflect the corresponding steer-
ing vehicle wheel towards a desired direction, thus
achieving a desired steering.

[0024] In the above, the present disclosure describes
an electronically controlled steering method for a vehicle
according to the embodiments of the present disclosure
in conjunction with Figs. 1 to 3. The electronically con-
trolled steering method of the present disclosure can
support various steering postures of the vehicle (e.g.,
steering postures shown in Fig. 4), which contributes to
the smooth and rapid steering for vehicle. Moreover,
adjusting, based on the feedback of both the target
steering radius and the target piston position, the target
steering radius and the target piston position determined
based on the received steering parameters, as described
in conjunction with Fig. 3, can make the determined target
steering radius and target piston position more accurate.
[0025] Fig. 4 illustrates steering postures supported by
an electronically controlled steering method according to
at least one embodiment of the present disclosure. Fig. 4
illustrates steering postures supportable by the electro-
nically controlled steering method according to the em-
bodiments of the present disclosure in a case that all four
wheels of a four-wheeled vehicle are steering vehicle
wheels. Exemplarily, the electronically controlled steer-
ing method of the present disclosure can support all-
wheel steering as shown in diagrams 4B and 4C in
Fig. 4, in which Fig. 4B may be all-wheel steering at
low speed, which can reduce the turning radius com-
pared with the conventional front-wheel steering as
shown in diagram 4A in Fig. 4, thus increasing the man-
euverability of the vehicle. Diagram 4C in Fig. 4 may be
all-wheel steering at high speed, which can increase the
turning radius compared with the conventional front-
wheel steering as shown in diagram 4A in Fig. 4, thus
increasing the smoothness for the steering of the vehicle.
Diagram 4D in Fig. 4 shows all-wheel steering for pivot
steering operation. Diagram 4E in Fig. 4 shows all-wheel
steering with constant vehicle direction, in which the
direction of the vehicle body may be kept constant during
the steering. Diagram 4F in Fig. 4 shows dynamic toe-
in/toe-out all-wheel steering, which can increase stability
for the steering of the vehicle. It should be understood
that the vehicle steering postures described in Fig. 4 are
merely examples of the steering postures supportable by
the electronically controlled steering method according
to the embodiments of the present disclosure, and is not
limited.

[0026] Fig. 5 illustrates a graph in which a piston of a
hydraulic wheel cylinder of a steering vehicle wheel
moves with a target piston position under an electroni-
cally controlled steering method according to at least one
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embodiment of the present disclosure. As shown in Fig.
5, the control circuit of the steering system of the vehicle
may control the hydraulic control system according to the
electronically controlled steering method of the embodi-
ments of the present disclosure, so that a piston of a
hydraulic wheel cylinder move towards a target piston
position within a stepping time (e.g., the stepping time At1
and At2 shown in Fig. 5), thus achieving a desired steer-
ing of the vehicle. In Fig. 5, the current actual piston
position (e.g., the actual piston position B in Fig. 5) is
the position of the piston of the hydraulic wheel cylinder at
the beginning (e.g., at ti+1) of the stepping time (e.g.,
At2). The target piston position (e.g., the target piston
position A in Fig. 5) corresponding to the current actual
piston position (e.g., the actual piston position B in Fig. 5)
is the target piston position determined according to the
electronically controlled steering method of the embodi-
ments of the present disclosure within the previous step-
ping time (e.g., At1), that is, the target piston position
(e.g., the target piston position A’ in Fig. 5) determined at
the end (i.e., atti) of the previous stepping time (e.g., At1).
Fig. 5is agraph showing that a piston of a hydraulic wheel
cylinder corresponding to a steering vehicle wheel moves
with the target piston position under the electronically
controlled steering method according to the embodi-
ments of the present disclosure. The graph of change
in positions of pistons of hydraulic wheel cylinders cor-
responding to other steering vehicle wheels is similar to
that shown in Fig. 5. In practice, there may be over
damping or overshoot in the actual piston position to
ensure the control stability and response time.

[0027] In addition, as can be seen from Fig. 5, the
actual piston position (e.g., the actual piston position B
inFig. 5)is notthe same as the target piston position (e.g.,
the target piston position A in Fig. 5). Therefore, in some
embodiments, the determined target piston position may
be further adjusted based on a difference between the
target piston position and the actual piston position. Ex-
emplarily, the determined target piston position (e.g., the
target piston position A’) may be further adjusted by
adding a difference between the target piston position
and the actual piston position for the previous timing (e.g.,
a difference between the target piston position C and the
actual piston position D) to the target piston position (e.g.,
the target piston position A’) determined at S220 as
shown in Fig. 2. Unlike the determining of the target
piston position at the next timing through for example a
predetermined look-up table by using the target piston
position as the feedback as described above, this method
can adjust the target piston position based on the actual
operating condition of the steering system of the vehicle,
so that a desired target steering can be achieved more
accurately.

[0028] In practice, there may be a situation where a
steering failure occurs in a steering vehicle wheel. For
example, a leak occurs in a hydraulic wheel cylinder, a
failure occurs in an element in the hydraulic control
system corresponding to a certain steering vehicle
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wheel, and so on. Fig. 6 illustrates a situation where a
steering failure occurs the left front steering vehicle wheel
(RL in Fig. 6) of the vehicle. In this situation, other target
piston positions of pistons of respective hydraulic wheel
cylinders corresponding to the steering vehicle wheels
without steering failure among the respective steering
vehicle wheels may be determined based on the steering
parameters as described above. Then, based on the
determined other target piston positions, the hydraulic
control system is controlled to change the hydraulic
pressures of the respective hydraulic wheel cylinders
corresponding to the steering vehicle wheels without
steering failure, so as to change positions of the pistons
thereof, thus achieving the steering. In this way, the
desired steering can be achieved even if a steering failure
occurs in one or more of the steering vehicle wheels. Inan
embodiment, the other target piston positions may be
determined based on the steering parameters by means
of the method described above in conjunction with Figs.
2-3.Forexample, the other target piston positions may be
determined through a look-up table corresponding to the
steering vehicle wheels without steering failure (e.g., in
the case of Fig. 6, a look-up table corresponding to
steering vehicle wheels without steering failure (i.e.,
steering vehicle wheels RR, FL, and FR in Fig. 6)) based
on the actual steering radius, the steering input torque,
the steering inputangle, the vehicle speed, and the actual
piston positions of the pistons of the respective hydraulic
wheel cylinders corresponding to the steering vehicle
wheels without steering failure.

[0029] In addition, the inventors of the present disclo-
sure have observed that in order to achieve the desired
steering, the target steering radiuses determined (e.g.,
by means of the method described above in conjunction
with Figs. 2-3) based on the steering parameters are the
same, regardless of whether there is a steering vehicle
wheel with steering failure among the steering vehicle
wheels. For example, in the example of Fig. 6, the target
steering radiuses OB, OC and OD determined when
there is no steering failure in the steering vehicle wheel
arerespectively equal to the target steering radiuses OB’,
OC’ and OD’ determined when a failure occurs in the left
front steering vehicle wheel (i.e., RL in Fig. 6) among the
steering vehicle wheels. Based on this observation, the
present disclosure proposes another method for deter-
mining other target piston positions of pistons of respec-
tive hydraulic wheel cylinders corresponding to steering
vehicle wheels without steering failure among respective
steering vehicle wheels based on the steering para-
meters when a failure occurs in a steering vehicle wheel.
The method includes: determining an indication of a
steering direction based on the steering input angle in
the steering parameters; and determining the other target
piston positions based on the determined indication of
the steering direction and the target steering radius de-
termined on the assumption that there is no steering
failure. Exemplarily, in an embodiment, the other target
piston positions may be determined by using, the indica-
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tion of the steering direction and the target steering
radius, as inputs to a look-up table for determining the
target piston position corresponding to the steering ve-
hicle wheels without steering failure. For example, in the
example of Fig. 6, the indication of the steering direction,
that is, an indication of turning left, may be determined
based on the steering input angle. Then, the other target
piston positions are determined based on the indication
of turning left and the target steering radiuses OB, OC
and OD as the inputs to the look-up table corresponding
to the steering vehicle wheels RR, FL and FR without
steering failure, so that the steering posture shown in
diagram 6B in Fig. 6 is achieved based on the determined
other target piston positions, thus achieving the desired
steering.

[0030] Compared with the method described above for
example in conjunction with Fig. 3 of determining other
target piston positions when a failure occurs in a steering
vehicle wheel, the method for determining other target
piston positions based on the indication of the steering
direction and the target steering radius can reduce the
storage space and improve the calculation speed. For
example, in an example of using a look-up table, the
method described in conjunction with Fig. 3 requires
one five-input look-up table (i.e., a five-dimensional
look-up table), whereas the method based on the indica-
tion of steering direction and the target turning radius only
requires two one-input look-up tables (i.e., two one-di-
mensional look-up tables corresponding to the indication
of turning left and the indication of turning right respec-
tively), in which the latter can significantly reduce the
storage space and improve the search speed.

[0031] Fig. 7 illustrates an example architecture 700 of
a control circuit of controlling a hydraulic steering system
according to at least one embodiment of the present
disclosure. As shown in Fig. 7, the electronically con-
trolled steering system according to an embodiment of
the present disclosure may include a first control circuit
701 and a second control circuit 702 as shown in Fig. 7.
The control circuit 701 may include a microprocessor
701-a, a bridge driver 701-b, a bridge 701-c, a valve
driver 701-d and a data bus 701-e. The control circuit
702 may include a microprocessor 702-a, a bridge driver
702-b, abridge 702-c, a valve driver 702-d and a data bus
702-e. The control circuit 701 may be connected with a
power supply of the vehicle through a vehicle power
supply connector 705-a, and connected with a vehicle
communication connector 706-b of the vehicle through
the data bus 701-e. Similarly, the control circuit 702 may
be connected with the power supply of the vehicle
through the vehicle power supply connector 705-a, and
connected with the vehicle communication connector
706-b of the vehicle through the data bus 702-e. It should
be understood that the example architecture of the con-
trol circuit shown in Fig. 7 is merely an example and not a
restriction. For example, the control circuit(s) included in
the electronically controlled steering system according to
the embodiments of the present disclosure may include
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more or fewer elements than the control circuit 701 or 702
shown in Fig. 7. Alternatively, the control circuits for
controlling the hydraulic steering system may be imple-
mented in a different manner from that of the control
circuits shown in Fig. 7.

[0032] The control circuits 701 and 702 may perform
the electronically controlled steering method described
above in conjunction with Figs. 1-6 independently, that is,
determine the target piston positions of the pistons of the
respective hydraulic wheel cylinders based on the steer-
ing parameters 704, and control the hydraulic control
system of the steering system of the vehicle based on
the determined target piston positions. In an example, the
control circuit 701 and the control circuit 702 may be
respectively connected to three phases in a six-phase
motor stator in the hydraulic control system, so that any of
the control circuits can carry out a complete control over
the output of the motor of the hydraulic control system,
thus controlling the hydraulic control system indepen-
dently. In addition, the control circuit 701 and the control
circuit 702 may also control the hydraulic control system
based on the monitored state of the motorin the hydraulic
control system.

[0033] In an embodiment, the control circuit 701 may
act as a main control circuit to calculate the target piston
positions and control the hydraulic control system based
thereon, whereas the control circuit 702 may act as a
backup control circuit in standby state. When the control
circuit 701 fails due to a malfunction, the second control
circuit 702 may immediately take over control. This may
be achieved by, for example, making the microprocessor
701-a and microprocessor 702-a in the control circuit 701
and control circuit 702 to be a pair of interlocked micro-
processors. In this way, redundancy requirements for
control and execution of electronically controlled steering
can be satisfied. In the present disclosure, a control
circuit may fail due to the following factors: a failure or
dump in power supply from the vehicle power supply
connector to the control circuit, a failure in communica-
tion from the vehicle communication connector to the
control circuit through the data bus, a loss of sensor
signal of the control circuit, an internal component failure
detected in the control circuit, an internal component
failure detected in the bridge drive, an internal compo-
nent failure detected in the valve drive, and so on.
[0034] In addition, in some embodiments, both the
control circuit 701 and the control circuit 702 shown in
Fig. 7 may respectively determine the target steering
radiuses and the target piston positions according to
the electronically controlled steering method described
above in conjunction with Figs. 1-6, and cross-check the
determined target steering radiuses and target piston
positions, further increasing the robustness of the elec-
tronically controlled steering method of the present dis-
closure. Exemplarily, the cross-checking may be carried
out by means of the following method. When the target
steering radiuses and target piston positions determined
by the control circuit 701 and the control circuit 702 are
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inconsistent but close (e.g., the difference therebetween
is within a first predetermined range), as long as the
control circuit 701 does not detect a malfunction, the
control is carried out with the calculation result by the
control circuit 701 as the output. When the target steering
radiuses and the target piston positions determined by
the control circuit 701 and the control circuit 702 are
inconsistent and have a large difference (e.g., the differ-
ence therebetween is outside the first predetermined
range), no matter whether a malfunction is detected or
not, only the calculation result of a last (not the current)
calculation cycle (e.g., before 50ms) is used for control.
When the calculation results by the control circuit 701 and
the control circuit 702 are quite different for many con-
secutive times (e.g., within 10 calculation cycles), the
system sends an alarm reminder.

[0035] In the above, the present disclosure describes
an electronically controlled steering method for a vehicle
according to the embodiments of the present disclosure
in conjunction with Figs. 1 to 7. Hereinafter, the present
disclosure will describe a steering system of a vehicle
according to an embodiment of the present disclosure in
conjunction with Fig. 8.

[0036] Fig. 8 illustrates an example steering system
800 of a vehicle according to at least one embodiment of
the present disclosure. As shown in Fig. 8, a steering
system 800 of a vehicle according to an embodiment of
the present disclosure may include a first control circuit
810 and an electronically controlled steering system 820.
The electronically controlled steering system 820 may
include a hydraulic control system, steering knuckles
provided at respective steering vehicle wheels, and hy-
draulic wheel cylinders connected with respective steer-
ing knuckles through piston rods. The first control circuit
810 may be, for example, the control circuit 701 shown in
Fig. 7. The first control circuit 810 may be configured to
perform the electronically controlled steering method
according to the embodiments of the present disclosure.
Additionally, the steering system 800 of the vehicle may
further include a second control circuit (not shown) (e.g.,
the control circuit 702 in Fig. 7). When a failure occurs in
the first control circuit 810, the second control circuit may
take over the control and perform the electronically con-
trolled steering method according to the embodiments of
the present disclosure. In a case that the steering system
800 of the vehicle further includes the second control
circuit, both the first control circuit 801 and the second
control circuit may respectively determine the target
steering radiuses and the target piston positions, and
cross-check the determined target steering radiuses and
target piston positions.

[0037] In addition, the present disclosure further pro-
vides a vehicle including a steering system of the vehicle
according to the embodiments of the present disclosure
(e.g., steering system 800 of the vehicle shown in Fig. 8).
[0038] So far, the present disclosure describes the
electronically controlled steering method, the steering
system of the vehicle and the vehicle including the same
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according to the embodiments of the present disclosure
in conjunction with Figs. 1 to 8. The electronically con-
trolled steering method according to the embodiments of
the present disclosure can support various steering pos-
tures of the vehicle, which contributes to the smooth and
rapid steering for vehicle. Moreover, adjusting, based on
the feedback of both the target steering radius and the
target piston positions described in conjunction with Fig.
3, the target steering radius and the target piston posi-
tions determined based on the received steering para-
meters, can make the determined target steering radius
and target piston positions more accurate. In addition, the
electronically controlled steering method according to
the embodiments of the present disclosure can deter-
mine other piston positions of the pistons of the hydraulic
wheel cylinders corresponding to the steering vehicle
wheels without steering failure in a case that a failure
occurs in one or more of the steering vehicle wheels, thus
achieving the desired steering in a case that a failure
occurs in a steering vehicle wheel.

[0039] It should be noted that the above descriptions
are only some of the embodiments of the present dis-
closure and illustrations of the applied technical princi-
ples. It should be understood by those skilled in the art
that the disclosed scope involved in the present disclo-
sure is not limited to the technical scheme formed by a
specific combination of the above technical features, and
meanwhile, shall also encompass other technical
schemes formed by any combination of the above tech-
nical features or the equivalent features thereof without
departing from the above disclosed concept, for exam-
ple, the technical schemes formed by mutual substitution
ofthe above features with (but notlimited to) the technical
features with similar functions disclosed in the present
disclosure.

[0040] In addition, although various operations are
depicted in a particular order, this should not be under-
stood as requiring that these operations be performed in
the particular order shown orin a sequential order. Under
certain circumstances, multitasking and parallel proces-
sing may be beneficial. Likewise, although several spe-
cific implementation details are contained in the above
discussion, these should not be construed as limiting the
scope of the present disclosure. Certain features de-
scribed in the context of separate embodiments can also
be implemented in combination in a single embodiment.
Onthe contrary, various features described in the context
of a single embodiment can also be implemented in
multiple embodiments separately or by means of any
suitable sub-combination.

[0041] Although the subject matter has been described
in language specific to structural features and/or meth-
odological logical acts, it should be understood that the
subject matter defined in the appended claims is not
necessarily limited to the specific features or acts de-
scribed above. On the contrary, the specific features and
acts described above are merely example implementa-
tions of the claims.
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Claims

An electronically controlled steering method for a
vehicle including an electronically controlled steer-
ing system, the electronically controlled steering
systemincluding a hydraulic control system, steering
knuckles disposed at respective steering vehicle
wheels, and hydraulic wheel cylinders connected
with respective steering knuckles through piston
rods, the method comprising:

receiving (S210) steering parameters, including
steering input torque, a steering input angle,
vehicle speed, lateral acceleration of the vehicle
and actual piston positions of pistons of the
respective hydraulic wheel cylinders;
determining (S220) a target steering radius for
the vehicle and target piston positions of the
pistons of the respective hydraulic wheel cylin-
ders based on the steering parameters; and
controlling (S230), based on the determined
target piston positions, the hydraulic control
system to change hydraulic pressures in the
respective hydraulic wheel cylinders to change
positions of the pistons thereof, so as to drive,
through the piston rods, the steering knuckles
connected therewith to deflect the correspond-
ing steering vehicle wheels for steering.

The method according to claim 1, wherein determin-
ing the target steering radius and the target piston
positions of the pistons of the respective hydraulic
wheel cylinders comprises:

determining an actual steering radius for the
vehicle based on the vehicle speed and the
lateral acceleration of the vehicle; and
determining the target steering radius and the
target piston positions of the pistons of the re-
spective hydraulic wheel cylinders based on the
actual steering radius, the steering input torque,
the steering input angle, the vehicle speed, and
the actual piston positions of the pistons of the
respective hydraulic wheel cylinders.

The method according to claim 2, wherein the target
steering radius and the target piston positions are
used as feedback to determine the target steering
radius and the target piston positions at next timing
through closed-loop control.

The method according to claim 3, wherein determin-
ing the target steering radius and the target piston
positions at the next timing comprises:

determining the actual steering radius at the
next timing based on received vehicle speed
and lateral acceleration of the vehicle at the next
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timing;

determining a steering radius difference be-
tween the target steering radius and the actual
steering radius at the next timing;

determining piston position differences between
the target piston positions and the received ac-
tual piston positions at the next timing; and
determining the target steering radius and the
target piston positions atthe next timing by using
received steering input torque, steering input
angle, and vehicle speed at the next timing,
the steering radius difference and the piston
position differences, as inputs to a look-up table
for determining target steering radius and target
piston position.

The method according to any one of claims 2-4,
wherein the lateral acceleration of the vehicle is
lateral accelerations of the respective steering ve-
hicle wheels of the vehicle, the actual steering radius
is actual steering radiuses of the respective steering
vehicle wheels of the vehicle, and the target steering
radius is target steering radiuses of the respective
steering vehicle wheels of the vehicle.

The method according to any one of claims 1-5,
wherein the steering input torque and the steering
input angle are manually input, or determined based
on a steering request from an automatic driving
system or a driving assistance system of the vehicle.

The method according to any one of claims 1-6,
further comprising:

determining other target piston positions of the
pistons of the respective hydraulic wheel cylin-
ders corresponding to the steering vehicle
wheels without steering failure of the respective
steering vehicle wheels based on the steering
parameters, when a steering failure occurs in
one or more steering vehicle wheels of the re-
spective steering vehicle wheels; and
controlling, based on the determined other tar-
get piston positions, the hydraulic control sys-
tem to change the hydraulic pressures of the
respective hydraulic wheel cylinders corre-
sponding to the steering vehicle wheels without
steering failure to change the positions of the
pistons thereof, so as to drive, through the piston
rods, the steering knuckles connected therewith
to deflect the corresponding steering vehicle
wheels for steering.

8. The method according to claim 7, wherein determin-

ing the other target piston positions based on the
steering parameters comprises:

determining an actual steering radius for the
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vehicle based on the vehicle speed and the
lateral acceleration of the vehicle; and
determining the other target piston positions
based on the actual steering radius, the steering
inputtorque, the steeringinputangle, the vehicle
speed, and the actual piston positions of the
pistons of the respective hydraulic wheel cylin-
ders corresponding to the steering vehicle
wheels without steering failure.

The method according to claim 7, wherein determin-
ing the other target piston positions based on the
steering parameters comprises:

determining an indication of a steering direction
based on the steering input angle; and
determining the other target piston positions by
using the target steering radius and the indica-
tion of the steering direction, as inputs to a look-
up table for determining the target piston posi-
tion corresponding to the steering vehicle
wheels without steering failure.

The method according to any one of claims 1-8,
wherein the electronically controlled steering system
includes a first control circuit and a second control
circuit, and the first control circuit and the second
control circuit control the hydraulic control system
independently, the method further comprising:

controlling, by the first control circuit, the hydrau-
lic control system based on the target piston
positions of the pistons of the respective hydrau-
lic wheel cylinders that it determines; and

controlling, by the second control circuit, the
hydraulic control system based on the target
piston positions of the pistons of the respective
hydraulic wheel cylinders that it determines,
when a failure occurs in the first control circuit.

The method according to claim 10, further compris-
ing:

determining, by both the first control circuit and
the second control circuit, the target steering
radiuses and the target piston positions respec-
tively; and

cross-checking the target steering radiuses and
the target piston positions determined by the first
control circuit and the second control circuit.

The method according to any one of claims 1-11,
wherein the steering vehicle wheels include a left
front wheel and a right front wheel of the vehicle, or
wherein the steering vehicle wheels include all
wheels of the vehicle.

A steering system of a vehicle, comprising:
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an electronically controlled steering system in-
cluding a hydraulic control system, steering
knuckles disposed at respective steering vehi-
cle wheels, and hydraulic wheel cylinders con-
nected with the respective steering knuckles
through piston rods; and

a first control circuit, configured to perform the
method according to any of claims 1to 9and 12.

The steering system according to claim 13, further
comprising:

a second control circuit, configured to perform the
method according to any of claims 1to 9and 12 when
a failure occurs in the first control circuit, and option-
ally, wherein the first control circuit and the second
control circuit are further configured to determine
target steering radiuses and target piston positions,
respectively, and cross-check the determined target
steering radiuses and target piston positions.

A vehicle including a steering system according to
claim 13 or 14.
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